above the detection limit signifying cardiac myonecrosis may be related to sources other than acute MI and may be unexplained by decreased biomarker clearance alone. Although the pathogenesis of troponin release from myocytes has yet to be fully elucidated, potential contributing mechanisms include pre-existing CV disease (e.g., stable epicardial coronary artery disease, heart failure, left ventricular hypertrophy), subendocardial ischemia, direct myocardial toxicity from uremia (and its associated toxins), and hemodialysis-related stressors [2] . These intervening processes limit the specificity and diagnostic utility of static measurements of troponin in patients with CKD with acute MI. Clear guidance regarding the optimal management approach to elevated troponins in CKD is lacking.
In 2012, the universal definition of MI put forth by the Third Global MI Task Force represented a concerted effort to provide a structured classification scheme and standardize the use and application of cardiac troponins in a broad range of clinical scenarios [3] . Importantly, the multidisciplinary consensus committee emphasized the need for adjunctive evidence of myocardial ischemia and assessment of the trajectory of this biomarker to further hone the diagnosis of MI. In this issue of the American Journal of Nephrology , Vasudevan et al. [4] carefully apply this suggested approach to a sample of 430 patients presenting with suspected MI who were enrolled in the prospective, multi-center Performance of Triage Cardiac Markers in the Clinical Setting (PEARL) study. This Approximately 15% of people in the US live with chronic kidney disease (CKD) and ∼ 500,000 patients require chronic hemodialysis [1] . Despite encouraging recent trends of steady declines in overall mortality in Medicare patients with CKD, cardiovascular (CV) disease continues to account for more than half of the deaths in patients with end-stage renal disease (ESRD) [1] , and as such, optimization of CV outcomes in this population remains a major treatment goal.
Cardiac troponin measurement plays important roles in the early identification, risk stratification, prognostication, management, and monitoring of acute myocardial infarction (MI) in the overall population. However, their frequent elevation in patients with CKD, coupled with the recent advent of newer-generation and increasingly sensitive troponin assays, has made timely and accurate diagnosis of MI in this population challenging. Since elevated troponins are commonly encountered in patients with CKD, we highlight important considerations regarding their practical application in contemporary practice in this high-risk population.
observational, "real-world" experience included adult patients presenting to emergency departments with chest pain syndromes. Acute MI was specifically adjudicated and was found to be present in ∼ 20% of patients by a dedicated team after review of case report forms, electrocardiograms, and interpretation of laboratory data using the universal definition of MI [3] . Given inclusion of data from multiple centers and use of 6 different troponin assays, "scaling" of troponin measurements was employed to standardize results reporting [4] . Scaling refers to the determination of the number of multiples of the assayspecific 99th percentile upper reference limit above which the patient's measured value lies.
The investigators found that nearly half of patients with CKD had at least one troponin value above the 99th percentile upper reference limit. However, despite this, the rates of adjudicated MI were similar in patients with and without baseline CKD, and these clinical events were characterized by higher peak scaled troponin measurements and a distinct rise and fall in the biomarker values. Vasudevan et al. [4] greatly advance our understanding of cardiac troponins, biomarker trajectories, and assay standardization in the identification of MI in patients with CKD.
As acknowledged by the authors, their findings should be carefully interpreted within the scope of certain limitations. The study focuses on 87 patients with estimated glomerular filtration rates less than 60 mL/min/1.73 m 2 , limiting the ability to dissect the influence of CKD stage or hemodialysis status on cardiac troponin test performance and rates of MI. Similarly, a fifth of patients were adjudicated as experiencing an MI, but further classification of type or extent of MI was lacking. Data regarding therapeutic approach and utilization of medical and/or invasive strategies after MI diagnoses may help to clarify real-world practices in this cohort. Finally, the use of troponin data in the adjudication process may have confounded the accurate assessment of MI, potentially artificially improving its test characteristics.
Cardiac Troponins in CKD: Finding Their Place
The number of commercially available, newer generation troponin assays with greater sensitivities, more rapid detection capabilities, and varying cutoffs and reference ranges are expected to continue to increase in clinical practice. These assays are slowly becoming incorporated into diagnostic pathways and garnering regulatory approval for various indications directly relevant to the management of CKD. In 2004, the US Food and Drug Administration approved the use of a troponin T assay in risk prediction in patients with ESRD undergoing hemodialysis. In 2017, one of the first high-sensitivity troponin assays has now been cleared for diagnostic use in patients presenting with suspected MI in the US. Paralleling the expanding availability and indications of use of these troponin assays, clinicians will need to become familiar with their optimal integration into management approaches.
"Scaling", as applied by Vasudevan et al. [4] , may help facilitate standardization of reporting and interpretation across assays. However, a more nuanced approach to diagnostics in cases of suspected MI is required beyond single time-point thresholds, especially in challenging populations such as CKD. The overall kinetics of troponin rise/fall and peak biomarker levels may be more useful in the CKD population. Consistent with the universal definition of MI [3] , sound clinical reasoning and incorporation of adjunctive evidence of myocardial ischemia are mandatory to appropriately contextualize these laboratory findings.
As the application of troponins in the initial diagnosis of MI in patients with CKD becomes refined, it will continue play a more concrete role in identifying at-risk patients for adverse CV clinical course. Based on data from recent systematic reviews and meta-analyses, elevated levels of troponin I and troponin T were associated with high short-term rates of CV events and mortality in patients with CKD, irrespective of the presence or absence of symptoms or background clinical suspicion of MI [5, 6] .
Optimizing Cardiovascular Care of Patients with CKD
Patients with CKD experience high rates of comorbid CV disease, continue to die at a higher rate than non-CKD populations, and contribute disproportionately to healthcare utilization and spending [1] . Despite favorable recent temporal trends in guideline-directed medical therapies [7] and invasive diagnostic and interventional approaches [8] in patients with established CV disease and CKD, these patients continue to face sub-optimal CV outcomes. Since fatal MIs appear to account for only ∼ 6% of cause-specific mortality in the CKD population based on the US Renal Data System 2015 Annual Data Report [1] , a more global CV risk reduction approach may be favored over focus on diagnosis and prevention of MI in isolation. These strategies need to be better defined, but may include aggressive lifestyle modi- fication (e.g., smoking cessation, weight reduction), risk factor control (e.g., optimal diabetes and hypertension management), other preventative approaches (e.g., influenza and pneumococcal vaccination, as appropriate), and heightened patient and physician awareness of the signs and symptoms of CV disease. Mapping the natural history, development of safe and efficacious therapies, and amelioration of high CV events in at-risk patients with CKD identified by elevated cardiac troponins represent unmet clinical needs. A more granular understanding of the pathogenesis of cardiac troponin release in patients with CKD may inform future efforts to improve upon current CV management approaches.
